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Sugar esters are natural products secreted by the peduncular, glandular (Type IV) trichomes that cover the plant leaves of the different Solanaceae genera, such as Nicotiana, Solanum, Lycoperiscon, Datura and Petunia. Chemically, the compounds are esters of simple sugars and short, branched fatty acids [1] . These compounds play a mayor role in the general defensive system of the plants against different kind of pests, and biological properties such as allelopathic, antiinsect, antifungal and antibacterial have been described [2, 3] . The interest in these compounds is dual. First, they are chemical clues to identify resistance factors in plants that can be used as germplasm sources in breeding programs of valuable crops of closely related Solanaceae, such as tomatoes, potatoes and even tobacco [2, 4] . On the other hand, their use as natural, non pollutant crop protection agents is promising, and extracts based on sugar esters of some Nicotiana species have been registered in the USA as insecticides [2] . As mentioned above, the search for these compounds has been focused, from an economical point of view, on the most important Solanaceae species. Little is known about the occurrence of acyl sugars among wild, non-cultivated species of this important botanical family, which frequently are considered as weeds The search for Solanaceae species capable of biosynthesizing these compounds is achieved by looking for peduncular trichomes (Type IV) on the leaves under the microscope. Using this approach, we have recently isolated new sugar esters from Solanum sisymbrifolium that could also have specific biological properties [3] . In this communication, we present the structures of new sugar esters isolated from a weed native to the Rio de la Plata basin, Salpichroa origanifolia (huevito de gallo). It is also the first report of the presence of sugar esters in the genus Salpichroa, a finding that could also have chemotaxonomic relevance.
Optical and SEM microscope inspection of S. origanifolia leaf surfaces showed the presence of sugar ester production by peduncular, type IV trichomes. The leaf surface was washed with chloroform and the lipid fraction was partitioned with acetone. The crude polar lipids extract was chromatographed on an open column (CC) of silica gel, and a fraction of sugar esters was isolated. Sequential basic hydrolysis/acid transesterification permitted the identification of the acids and the sugar of the molecule. Sucrose was identified through alditol analysis of the monosaccharides (2:1 glucitol:mannitol relationship) [5] , and TLC behaviour [3] . The esterifying acids were identified through GC/MS analysis of the methyl and butyl esters. The latter one allowed a better analysis of the acetate esters. The acid composition of the SE fraction was a mixture of 3-methyl valerianic acid and acetic acid in a 1.90:1 relationship. Trace amounts of decanoic, undecanoic, lauric and palmitic acids were also detected. The fraction was examined by TLC and MALDI-TOF/MS, and the M+23 peak (818+23=841) was detected. Final structure elucidation was achieved through a combination of 1 H and 13 C-NMR spectroscopy, and COSY, HMQC, HMBC and HSQC-TOCSY experiments of the whole fraction [6] . The two anomeric carbons were detected at δ C 89.8 and 103.8 in the 13 C NMR spectrum. The HMQC/HSQC experiments showed a cross peak indicating that the first anomeric carbon is attached to an equatorial proton at δ H 5.67 (J = 3.67 Hz) with the axial proton attached at C-2, typical for a sucrose moiety. Complete assignments of the glycosidic proton system were achieved by analysis of the 1 H-1 H COSY, HSQC-TOCSY and HMBC experiments. In the 1 H spectrum, two CH 3 CO at δ 2.1 and methyl signals integrating for 24 protons were detected. It could be deduced that the substitution pattern of the sucrose molecule was not the usual one for this kind of compound, as all the carbohydrate protons appears at >δ 3.90 and the 1 H-1 H COSY showed connectivities between H-1-H-2, H-2 -H-3, and H-3-H-4 at lower fields of the 1 H NMR spectrum. Through the HSQC-TOCSY experiment, the two main spin systems of the sucrose molecule were identified, of which one was the highly substituted glucopyranosyl portion of the sucrose molecule, and the other that belonging to the fructofuranosyl portion. The HMBC spectrum allowed the identification of the acylated sugar hydroxyls. The connectivities are shown in Figure 1 and Table 1 . The carboxyl carbons of the acetate groups were coupled to the geminal protons attached to each of the primary carbons (1´ and 6´) in the fructofuranosyl residue of the sucrose molecule, as the HMBC 2D contour plot at high intensity signal showed almost exclusively these interactions. On the other hand, the glucose portion of the sucrose molecule was tetra-acylated and the corresponding cross peaks with downfield shifts for protons 2, 3, 4 and 6 were observed ( Table 1) . The carboxyl signals were unambiguously assigned using appropriate amplifications of the HMBC experiment (see supplementary data). Table 1 : NMR spectroscopic data for hexaesterified sucrose.
*detected through HMBC
Based on the data discussed above, the main compound secreted by type IV trichomes in S. origanifolia is 2,3,4,6-tetra(O-3-methyl valerianyl), (1´,6´-O-diacetate)-α-D-glucopyranosyl-β-D-2-fructofuranosyl, which has not been described until now. Although other hexaesters of sucrose have been reported, this acylation pattern has not been described previously. An allelopathic 2,3,4,6 1´,3´-Oacyl substituted sucrose has been isolated from Nicotiana umbratica trichomes [7] , and in Petunia sp., the highly substituted sucrose esters were not active against Lepidoptera larvae. It was proposed that the high degree of substitution in the sucrose molecule inhibited the antiinsect properties of these compounds [8] . Nevertheless, as insecticidal withanolides have been isolated from S. origanifolia [9] , we assumed that a different protective role could be played by the isolated compounds. Therefore, we focused our interest on the antifungal properties of sugar esters. We have recently reported such activity for sucrose tetraesters from Nicotiana glauca in a bioautographic assay on TLC using Aspergillus niger spores as the biodevelopment agent [10, 11] . The hexaesters from S. origanifolia were active against the fungi, with MICs of 23 µg/cm 2 , double that of the positive control, orthophenyl phenol (11µg/cm 2 ), but comparable to that of the tetra esters from Nicotiana glauca (19 µg/cm 2 ). These findings suggest a possible role as antifungal agents for the hexaesters of sucrose within the multifaceted defensive system of S. origanifolia.
S. origanifolia type IV trichomes have been shown to secrete a new sucrose hexaester; this is also the first report of the occurrence of sugar esters in the genus Salpichroa. These esters have antifungal properties that can play a role within the multifaceted defensive system of the plant.
Experimental
NMR spectra were measured using a Bruker 400 Avance spectrometer. For the different NMR experiments, the standard pulse sequences were used. The samples were dissolved in CDCl 3 , unless otherwise specified. Signals for the residual protons at δ H 7.25, and the central carbon signal at δ C 77.0 were used as references. GC/MS were performed on a Shimadzu 5050 system equipped with an AGSE BP5 (25 m x 0.2 mm) fused-silica column, using He as carrier gas, at a flow rate of 0.58 mL/min. A programmed run for the fatty acid esters was performed starting at 30ºC and going to 250ºC at 10ºC/min. For alditol analysis, the temperature rise was 10ºC/min from 100º to 280ºC. MALDI-TOF/MS were performed with a Voyager DE-PRO instrument (Applied Biosystems), with 4-cyanohydroxycinnamic acid as matrix. Analytical and preparative TLC were carried out using 250 μm Merck silica gel 60 F254 on glass plates (5 x 20 and 20 x 20 cm, respectively), using CHCl 3 -MeOH (90:10, v/v) for development, and diphenyl aniline reagent for localization of the components [3] . Vacuum short column chromatography (VSCC) was carried out using Merck silica gel 60 for PTLC (10-40 μm, Cat.#7747) with the same solvent system. Plant material: S. origanifolia leaves were collected when the plants were in blossom in the surroundings of Montevideo and Aiguá (100 km ENE from Montevideo). A voucher specimen is kept at the Jose Arechavaleta Herbarium in the Faculty of Chemistry (MVFQ), Nº4282.
Isolation of sugar esters:
The fresh leaves (100 g) were immersed in CHCl 3 for 30 sec. The chloroform extracts were evaporated under reduced pressure to dryness. Immediately, a volume of approximately 50 mL acetone was added, and the solution kept at -4ºC overnight. After filtering the residue, the solution was evaporated under reduced pressure and the solid was submitted to column chromatography using a gradient of CHCl 3 :MeOH (100:0-90:10) at 0.25 mL/min, isolating the sugar esters (50 mg) as a viscous, caramel like, syrup.
Fatty acid and sugar analysis; fatty acid analysis [5]:
Methyl esters: 0.5 mL of 0.5N methanolic KOH was added to the sugar ester fraction (2 mg), vortex stirred for 5 min and allowed to stand for an additional 15 min at room temperature. 1N methanolic HCl (0.5 mL) was added, and KCl precipitated. After 15 min at room temp, 0.5 mL of water was added, and the solution extracted with three portions of 0.5 mL n-pentane. The pentane phases were dried over MgSO 4 and concentrated under reduced pressure. The solution was then ready to inject into the gas chromatograph [3] . Butyl esters: THF (1.0 mL) containing 0.1 mL of n-butanolic 0.5 N HCl was added to 2 mg of the sugar ester fraction, and the solution was heated for 20 minutes at 60ºC in a sealed tube. The solution was centrifuged and the solid used for sugar analysis. The supernatant solution (0.5 mL) was neutralized with aqueous 10% NaHCO 3 , extracted with n-pentane, as above, dried over MgSO 4 , concentrated, and analysed by GC [5] .
Sugar analysis:
The residue from the centrifugation was washed with THF, and submitted to the standard alditol analysis for disaccharides [11] .
Antifungal bioassay: This was performed following the procedure described by us previously [9] . 
